Background/Aim. Postoperative condylar position is a substantial concern in surgical correction of mandibular prognathism. Orthognathic surgery may change condylar position and this is considered a contributing factor for early skeletal relapse and the induction of temporomandibular disorders. The purpose of this study was to evaluate changes in condylar position, and to correlate angular skeletal measurements following bimaxillary surgery. Methods. On profile teleradiographs of 21 patients with mandibular angular and linear parametres, the changes in condylar position, were measured during preoperative orthodontic treatment and 6 months after the surgical treatment. Results. A statistically significant difference in values between the groups was found. The most distal point on the head of condyle point (DI) moved backward for 1.38 mm (p = 0.02), and the point of center of collum mandibulae point (DC) moved backward for 1.52 mm (p = 0.007). The amount of upward movement of the point DI was 1.62 mm (p = 0.04). Conclusion. In the patients with mandibular prognathism, the condyles tend to migrate upward and forward six months after bimaxillary surgery.
sagittal split osteotomy (BSSO). Another popular technique, mostly used for maxillary reposition, is Le Fort I osteotomy. In some severe cases of MP both mandibular and maxillary osteotomy are needed, and that form of correction is commonly known as bimaxillary surgery.
One of the goals of bimaxillary surgery is maintaining skeletal and occlusal stability. Occlusal stability, which is one of the most important factors in the prevention of postoperative relapse in orthognathic surgery, results from good dental occlusion and a normal postoperative condylar position 3 . Condylar processus is a part of the mandibular ramus and a part of the temporomandibular joint (TMJ), specific to the human body in its morphology, position and function 4 . This makes it particularly important, both in functional and in anatomical terms, because of its shape and position depending on the position of the mandible, the function of the TMJ and facial appearance 5 . Good dental occlusion depends on normal temporomandibular joint; that is, dental malocclusion or abnormal interdigitation with normal condylar position can be controlled postoperatively by orthodontic treatment, but an abnormal condylar position can not be corrected postoperatively and eventually disrupts postoperative occlusal stability 3 . Therefore, postoperative condylar position is a substantial concern in the surgical correction of a mandibular prognathism. Orthognathic surgery may change condylar position and this is considered a contributing factor for early skeletal relapse [6] [7] [8] [9] and the induction of temporomandibular disorders (TMDs) [10] [11] [12] [13] . Positional changes in the condyle have been hard to recognize and accurately measure following orthognathic surgery 14, 15 . Displacement of the condyle can be expected as a result of four variables: anterior-posterior, vertical, medial-lateral, and along the long axis of the condyle 16 . The purpose of this study was to evaluate changes in condylar position, and to correlate angular skeletal measurements following bimaxillary surgery in patients with mandibular prognathism.
Methods
The study included 21 patients (13 males, 8 females; ages between 18-25 years). Clinical examinations and standardized lateral cephalometric radiographs were conducted at the Belgrade University Faculty of Dentistry. The study was approved by the Ethics Committee at the Faculty of Dentistry in Belgrade. Informed consent was obtained from each patient. All the patients were diagnosed with mandibular prognathism on the basis of the following criteria: the angle of mandibular prognathism (SNB) ≥ 80°; the angle of sagittal intermaxillary relationship (ANB) ≤ 0°; reverse overlap of the frontal teeth and relationship of the first permanent molars in Class III, and had ended the growth and development of orofacial system. The patients with mandibular prognathism as a result of severe facial asymmetry, deformity secondary to trauma, syndromes, patients with systemic disease, degenerative joint disease, and with signs and symptoms of temporomandibular dysfunction were not included in the study.
The presurgical protocol included preoperative orthodontic treatment, model surgery, cephalometric and photocephalometric analysis. The preoperative orthodontic treatment lasted from 18 to 24 months.
The surgery began with soft tissue incision and initial osteotomy of the ramus of the mandible as in BSSO, but with no definitive separation of bone fragments. The wound was filled with gauze soaked in saline and then the complete Le Fort I osteotomy was done. Using the interocclusal splint and maxillo-mandibular fixation, the maxilla was positioned in a certain position and fixed with monocortical screws (at least four) and L-shaped plates. After fixing the maxilla, the maxillo-mandibular fixation was removed, so the separation of mandibular bone fragments was completed. A separated central fragment of mandible was placed in the correct occlusion with the maxilla, the intermaxillary fixation was restored, and bone fragments of the mandible were fixed with monocortical screws and plates. Monocortical screws were located on the buccal surface of the mandible, three of them on each side of the osteotomy line. Rigid intermaxillary fixation was maintained for 6 to 8 weeks and after that period of time, the elastic fixation was maintained for 4 weeks. Postoperative orthodontic treatment started 6 to 8 weeks after the surgery.
Standardized lateral cephalometric radiographs were obtained at the following 2 stages in all the patients: before the preoperative orthodontic treatment (T1) and 6 months after the surgical treatment (T2).
The machine used to obtain lateral cephalometric radiographs was Ortoceph (Simens, Germany). The scanning settings of the machine were: 65-80 kVp tube voltage, 20 mA tube current, and 1-1.5 second scan time. All the patients sat in an upright position with the teeth in centric occlusion. The patients' Frankfort horizontal (FH) plane was parallel to the floor.
Cephalometric radiographs were scanned by a scanner EPSON 1600 PRO (Japan) into jpg format. In that way all the radiographs were converted into digital form. The software Ax Ceph version 2.3 (Audax, Slovenia) was used for computerized cephalometric analysis. Cephalometric analysis was carried out by one examiner and included the reference points and lines shown in Figures 1 and 2 . Analyses were performed twice by the same examiner, on different days. Statistically significant differences did not appear between these two analyses.
Certain linear and angular parameters were used to define the position of the condyle pre-and postoperatively (Table 1) . Angular parametres included: SNA -the angle of maxillary prognathism; SNB -the angle of mandibular prognathism; ANB -the angle of sagittal intermaxillary relationships; Cd-DC-Xi/FH -the angle formed by centerline of mandibular rami and X axis; ArGoMe -gonial angle (angle of the mandible); Sna-Snp/FH -the angle formed by the main plane of maxilla and X axis. Linear parametres were the distances between the points Go, Ar, DC, Cd, PI, CI, A, B and Y axis; and distances between the points Go, Ar, DC, Cd, PI, CI, A, B and X axis (see Abbreviations in addendum). Using the software, after insertion the digital (jpg) format of lateral cephalogram, calibration was set up. The calibration is used to convert pixels of the inmages into milimetres. A metal ruler on a cephalostat which is visible on radiography was used for calibration ( Figure 3 ). Then, the location of reference points and lines were defined. To analyze linear (anterior-posterior and vertical) movement of the condyle, in every cephalometric radiograph the coordinate system with X and Y axis (as described in Figure 2 ) was inserted. After that, the distance between the points Go, Ar, DC, Cd, PI, CI, A, B and Y axis was measured to determine horizontal skeletal changes postoperatively. The distance between the points Go, Ar, DC, Cd, PI, CI, A, B and X axis was measured to determine vertical skeletal changes postoperatively. Angles SNA, SNB, and ANB were used to describe skeletal changes after the intervention. The angle ArGo-Me and angle Cd-DC-Xi/FH were used to analyze rotation of the condyle after the intervention. Angle Sna-Snp/FH was used to describe rotation of the maxilla after bimaxilary surgery (see Abbreviations in addendum).
Data analysis was not preformed until the last patient had been examined for the last time to prevent bias from the examiner's awareness of any trends in the basic data.
Statistical analyses were performed with SPSS version 15 (SPSS, Chicago, Ill). For the assessment of the differences between angular and linear parameters before (T1) and after (T2) the surgery, Students paired t-test was used. Pearsons correlation was used to correlate changes in condilar position with angular skeletal changes following bimaxillary surgery. The differences were considered significant at p < 0,05.
Results
Horizontal skeletal changes: the mean setback of the mandible 6 months postoperatively (T2-T1) was 0.91 mm at point B but the differences were not statistically significant (p = 0.658). Point Go showed tendency to go forward (1,19 mm) but also was not statistically significant (p = 0.242). On the other hand, maxilla was on average moved forward 3.29 mm at point A (p = 0.0038) ( Table 2) . Horizontal changes in condylar position: six months after the surgery the position of point DI and DC changed significantly. Point DI moved backward 1.38 mm (p = 0.02), likewise, point DC moved backward for 1.52 mm (p = 0.007). The movement of the points PI and Cd were not statistically significant, but it was noted that point PI showed the tendency to move forward by 0.1 mm (Table 2) .
Vertical skeletal changes: the results showed the tendency of downward movement of the mandible at points B and Go (1.43 mm, p = 0.644; 3.85 mm p = 0,058, respectively). Maxilla was moved upward at point A for 3.18 mm but showed no statistical significance (Table 3) . showed the trend to move upward (0.19 mm and 0.62 mm, respectively). On the contrary, point Cd showed the tendency to move downward (0.76 mm; p = 0.263) ( Table 3 ).
The results suggest that point Ar was moved significantly from both X and Y axis. Point Ar moved downward (mean difference T2-T1 was 1.71 mm; p = 0.007) and forward (T2-T1 was 1.53 mm; p = 0.005) ( Tables 2 and 3) .
SNA, SNB and ANB angle significantly changed postoperatively. SNA and ANB angle increased in dimensions (T2-T1) for 1.76° and 3.76° respectively (p = 0.049 and p < 0.001). On the other hand, SNB angle decreased for 1.95° (p = 0.04). Angles which predicted the rotation of the condyle -ArGoMe changed significantly (p = 0.009) for 5.1°, but Cd-DCXi/FH did not (p = 0.277). The rotation of maxilla (SnaSnp/FH angle) did not change significantly six months after the surgery (p = 0.128) ( Table 4) .
The study showed a positive correlation between the distance XB and the ArGoMe angle. The XA distance also correlated negatively with ArGoMe angle. The distance between the point DI and the X axis showed negative correlation with SNA angle (Table 5) .
A positive correlation between the distance YB and the angle SNB, YA and SNB was noted. The distance between the Y axis and the point DI showed a positive correlation with the angle ArGoMe ( Table 6 ).
Discussion
Condyle displacement from or in the glenoid fossa can be caused by abnormal mandibular movement, methods used for fixation, segment rigidity, or masticatory muscle tension 17 . Condylar displacement, especially after BSSO, can cause postoperative complications 18 . Rotational changes also contribute to idiopathic condylar resorption after BSSO [14] [15] [16] . The direction of movement of the jaw during surgery is of great importance because it is considered to be one of the factors that influence the postoperative position of the condyle 3 . This study shows a statistically significant movement of the mandible six months after the surgery, which significantly influenced the position of the condyle. Studies have shown that the method of fixation of fragments contributes significantly to the stability of the condyle 8, 16, 19 these reasons, in this study the patients' jaw fragments were connected with rigid fixation.
Many researchers, using various radiographic methods, studied the movement of the condyle in patients after orthognathic surgery [20] [21] [22] . However, there are still few studies that deal with bimaxillary orthognathic surgery mandibular prognathism 23, 24 . In this study, four points on the condyle -DI, PI, DC and Cd were used and based on the distance of these points with the X and Y axis the anteroposterior and vertical changes in position of the condyle before the preoperative orthodontic preparation and 6 months after the bimaxillary surgical correction were established. The results of this study indicate the condyle tend to move forward and upward. The anterior condyle movement is similar with the study which Ueki et al. 25 conducted. They also reported that there was anterior and inferior movement of the condyle after BSSO and intraoral vertical ramus osteotomy, but there was no statistically significant difference between these different techniques. The possible reason for moving the condyle forward and downward is anatomical feature of the front part of the glenoid fossa 3 . On the other hand, Hu et al. 26 investigated the effect of sagittal split ramus osteotomy of the mandible on the temporomandibular joint. By comparing images of temporomandibular joints, they noticed a posterior condyle movement in the group of patients who underwent BSSO. They also found the forward rotation of the condyle, which is similar to our results. These results can be explained by the pulling force of the anterior and posterior segments of m. temporalis and m. masseter. In this study there was a decrease in the value of the angle ArGoMe six months after the surgery which could partialy influence the forward rotation of the condyle. Contrary to the results of Hu et al. 26 , a study by Harris et. al. 27 showed medial, posterior and superior movement of the condyle after BSSO, and also medial rotation of the condyle.
The results showed that the amount of the mandibular and maxillar movement postoperatively did not correlate statistically with condylar displacement as did the results of Harris et al. 27 and Lee and Park
3
. Interestingly, only changes in ArGoMe angle correlated with the changes in the distance Y-DI, and changes in the angle SNA correlated with changes in the distance X-DI.
Conclusion
This study shows that the position of the condyle after bimaxillary orthognathic surgery is altered. In our group of patients, six months after surgery, the condyles tend to migrate upward and forward. Only the most distal point on the head of the condyle (point DI) correlated with the gonial and SNA angle. Although this study yielded significant results over a period of six months, it was performed in a limited number of patients due to strict inclusion criteria. Further research on changes in condylar position is needed with a longer observation period.
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